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Fig. 1. Comparison between TGF-b1 and
GAPDH gene expression in control (C) and
in PMA-stimulated cells (∗ P < 0.003) (A).
Relationship between absolute and relative
amount of TGF-b1 mRNA (B).
expression of different genes in relation to GAPDH on
mesangial cells in different culture conditions, including
high glucose and phorbol 12-myristate 13-acetate (PMA)
stimulation. In PMA-stimulated cells no significant mod-
ulation of GAPDH gene was observed, whereas trans-
forming growth factor-b1 (TGF-b1) gene expression was
increased by three times (Fig. 1A). Moreover, a linear
correlation between absolute values of TGF-b1 and its
relative amounts, calculated as a ratio between target
and housekeeping gene copy number, was demonstrated
(Fig. 1B). We wonder if the relative reduction of GAPDH
gene expression levels observed in 12 biopsies by Schmid
et al [1] is rather caused by the contemporaneous modula-
tion of both 18S rRNA and cyclophilin A genes. We pro-
pose that, at least in microdissected glomeruli, GAPDH
could be used as housekeeping gene in quantitative gene
expression studies.
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Reply from the Authors
We appreciate the comments from Franca Anglani and
the opportunity to clarify some open questions. To obtain
reproducible results both in DNA array and real-time re-
verse transcription-polymerase chain reaction (RT-PCR)
technology, adequate normalization of the mRNA ex-
pression data is crucial. Using a single reference gene
[i.e., the “housekeeper” glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH)], we could show differential reg-
ulation in a subset of human tubulointerstitial tissue.
This finding has been further supported by DNA array
based expression profiling. Using this approach, we and
others ([1] and unpublished observations) could show dif-
ferential regulation of each housekeeper examined in an
unpredictable subset of samples. However, simultaneous
deregulation of two housekeepers were observed in only
7/156 comparisons, and parallel deregulation of all three
housekeepers (GAPDH, 18S rRNA, and cyclophilin A)
were not observed in any of the data sets evaluated.
If two housekeepers in RT-PCR studies show a strin-
gent correlation in the samples analyzed, the probability
of parallel differential regulation of these molecules is
below 5%; using three housekeepers, it should be neg-
ligible. A note of caution should be used when extrap-
olating in vitro studies of single cell lines to in vivo
conditions of complex tissue, as done by Anglani. Be-
cause only approximately one third of all glomerular cells
are mesangial cells, in vitro studies on this cell line do not
exclude differential regulation by the other glomerular
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cell types. Glomerular compartment-specific mRNA ex-
pression analysis is challenging and strategies to address
this have recently been developed [2].
In summary, as so often is the case, one size doesn’t
fit all, but for renal mRNA expression analysis the eval-
uation of two to three housekeepers should be able to
prevent any major normalization artefacts.
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